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CEL MEMO: NOVEMBER 25, 1986 


Re FSM] Central Engineering Laboratories 
; Santa Clara 


Interoffice 


Wy) 
4 To R. Rathe bate Nov. 25, 1986 
cc J. Ries* 
R From C. R. Ortloff A. Amberg 
R. Kazares 
: Subject STATIC ANALYSIS RESULTS FOR E. Thuse 
te THE LWHD COMPOSITE CRADLE-PROOF LOAD CONDITION’ B. Anderson 
E. Alexander 
B. Zierwick 
x *xone co alia i only. 
; Attached are Figures 1-81 showing the static stress sta te 
composite Gr/Ep cradle FE model under proof loads. Use of 20- Bede 
g solids (ANSYS STIF 95) and 8-node composite elements (STIF 91) are 


employed to examine stresses in each of the 28 Gr/Ep lamina and the 
internal core material. The recoil, firing torque and gravity loads 
BS 
uf 


*. are applied statically to the cradle. The dynamic load case results 

n. (to follow shortly) model the cable tension relaxation effect and 
dynamic input loads precisely. Results from the dynamic run (due ; 

= 12/1) should provide the appropriate dynamic amplification factor eres 

é (from 0.5 to 2) for displacements. This factor may then be used : ' 
with the present static stress case to determine the dynamic stress rh OT 

: State multiplication estimates based on ratio of dynamic to static . ‘ 

SANA A IED ASSIS I rte 
Bi 


detleetions. ~ 
Materials properties have been changed to ref: reflect new values 
2] provided on 11/13. Although a new cradle des: design was provided on 


11/13, the ‘present results reflect the old design prior to this 
date. Resu’*s should be close as the geometry changes between old 
‘and new desig»s are minor. The new FE model used _for dynamic 
uses CMAP ‘averaged equivalent layer properties for the composite 
shells. Consequently, only "averaged" stresses in the outer Gr/Ep 
a layers can be détermined rather than individual layer stresses. The 
5) displacement-time history, however, should be reasonably accurate 
and suitable for use in determining a stress amplification scale 
ve factor. No thermal expansion or moisture absorption loads are 
% included in the analysis and proof firing load maximum amplitudes 
are used. The distributed masses of the gun barrei-end-cradle plus 
i the concentrated mass of the nudrsutis cylinders and a 
% device is also included. Seis ae . tn 


In the output, UY represents vertical deflection, SAL represents in- 
K plane lamina shear stress, ROTZ represents rotation (radians) about 
e the Iongitudinal axis, SXL_is the fiber s e 
transverse fiber stress (epoxy) ) and L represents the layer number 
Starting from the outer layer. Note that layer 1 is the outer layer 
for the Gr/Ep shells; layer 14 is the Gr/Ep layer closest to the 
core for both inner and outer laminates. 
CRO/OS61LL21/01 


R. Rathe 


Static Analysis Results\LWHD Cradle 
~Proof Load Conditions 


Nov. 25, 1986 
Page 2 


Preliminary results are summarized below for the static stress case. 


These results will be updated when results from the dynamic analysis 
when available. 


o Maximum in-plane lamina SXY (SHL) stress for the entire cradle 
is less than or equal to 6,000 psi (except for regions near the 
composite to metal attachments near the gimbal mounts). Allowed 
stress is 10,000 psi. Allowing for a total 2X factor due to 
thermal expansion effects, moisture absorption loads, local 
manufacturing defects and assuming a dynamic amplification 
factor greater than unity (or a stress safety factor (SF) of 2), 
SXY_ shear failure may be anticipated in layers 1, 2, 4, 5, 8, 
11. oe ae 


o Maximum interlaminar shear stress for all elements is less than 
100 psi-consistent with the plane stress assumption used in STIF 
91 formulation. Allowing for a factor of 2 for the above- 
mentioned considerations (or a stress SF=2), this stress is 
still less than the epoxy shear failure stress of 10 ksi. 


o Maximum longitudinal deflection under combined firing loads and 
gravity loads is about 4 inches vertical. This deflection seems 
excessive unless the gun rails are to be designed to provide 

‘ large bending stiffness to add to that of the cradle and/or 
longitudinal stiffening is added to the cradle. 


o Maximum cradle rotation is about 4.0° end-to-end. As the cradle 
is relatively flexible in torsion, additionat -+45° layers in the 
region between the last internal plate and trunnion may provide 
additional torsional stiffness. 


o Maximum fiber stress (SXL) in regions away from the end 
connection region is about 120 ksi (Layers 6;7,;43 for example). 
Allowing for a 2X factor for the above-mentioned effects (or a 
stress SF=2), stresses approach 240 ksi, and exceed the 
allowable stress of 180 ksi. Local fiber failure may be 
anticipated in a compressional mode. a 

o Numerous cases exist for epoxy stress on the order of 5,000 psi 
(layers 2,10 for example) well away from the end connected to 
the gimbal mount. Allowing for a 2X factor (or a stress SF=2), 
the stresses are on the order of the 10 ksi, resulting in local 
epoxy failure under proof loads. This is cause for concern 
using the current resin system. 


o Foam core shear stresses appear less than 100 psi under proof 
load conditions. Normal stresses appear less than 100 psi also. 
A suitable core material with failure properties above these 
limits can easily be found. 
€RO/861121/01 
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R. Rathe Nov. 25, 1986 
Static Analysis Results\LWHD Cradle Page 3 
-Proof Load Conditions 


Preliminary Recommendations: 


o Based on the total 2X assumption for stress amplification and 


other factors (which will be checked when the dynamic output is 
available) or a stress safety factor of 2, it appears that 
margins.of safety for stress are exceeded for both fibers and 
epoxyin certain lamina under proof loads. The in-plane shear 
stress is likewise above the failure limit in certain lamina. 
Local failure can therefore be anticipated inside the Gr/Ep 
layers. Since all of the high stress regions are located in the 
zone between the gimbal mount points and last internal plate, 
this zone may need reinforcing by additional 0°, 90° and +45° 
layers or internal/external bonded-on sections. 


o The deflection and rotation seem excessive. Use of additional 
0° and +45° fiber layers will improve the bending and torsional 
stiffness considerably especially in the region between the 

gimbal mount points and the rear internal plate. This zone has 


large cutouts and shows consistently high stress values. 


It is 
anticipated that this.zone will require considerable 
reinforcement to achieve lower stress levels. 

o 6 Failure-criteria is based on maximum stress criteria. There may 


be other modes of failure (such as longitudinal buckling or 
torsional buckling and local fiber-resin separation) not 
accounted for in the present analysis. These investigations 
will be pursued by use of ANSYS buckling routines. 


The high stress regions near the gimbal mount are indicative of 
what may be expected near the metal-to-composite joint in this 
region. The length from the core region should be reinforced 

to distribute stress over the Gr/Ep face sheets to low levels. 
It may be necessary to build up the connection zone Gr/Ep layers 
leading from the core end region to avoid high stress 
concentrations. A separate FE analysis of this end zone should 


be~peformed. a ete : . - 
An internal metal space frame within the core connecting 


trunnion mount end plates to the internal. rear plate may be of 
use to take out torsional stresses in the cut-out zone. 
ee Seay ee pot ee 


C 


C. R. Ortloff 
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= IV1G Central Engineering Laboratories 
Santa Clara 


Interoffice 


Jo R. Rathe oete Dec. 8, 1986 
cc E. Thuse 
From C. R. Ortloff£ L. Liebhardt (NOD) 
J. Ries* (NOD) 
Subject STATIC ANALYSIS RESULTS FOR THE LWHD A. Amberg 
COMPOSITE CRADLE - PROF LOAD CONDITIONS B. Ziervick (NOD) 
E. Alexander (NOD) 
R. Kazares 


*one copy of original 61 
figures only 
g2~ 14? 
Although the cradle design is to be modified again (Memo J. Ries to 
CRO, 5 Dec 86), it was recommended that the composite design 
analysis of the oid design (drawings delivered, J. Ries to CRO, 14 
Nov 86) and subsequent modification 20 Nov 86 be completed. If the 
latest cradle design shows stresses past allowable values and 
insufficient time remains to analyze it before it is sent out for 
prototype bid, then at least one existing prior cradle version has 
been analyzed with necessary modifications to make it meet design 
allowables. In this manner, a "back-up" design will exist as a 
fall-back position if required. 
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~~ 
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The present static analysis indicates that the 14 Nov 86 cradle 
design, allowing for a safety factor of 2X (or stress amplification 
of 2X resulting from the combined efiects of moisture absorption, 
thermal expansion and dynamic amplification loads plus a nominal 
safety factor allowing for materials defects and manufacturing 
“built-in” defects) has serious defects in design and should be 
modified. The attached figure (Figure 1-A) recommends a modified 
design that should both reduce bending and torsional deflections as 
well as relieve the existing high stress levels to acceptable 
levels. If you wish, I can provide calculaticns to indicate the 
adequacy of the modified model. 


For the new woven roving cradle design (5 Dec 86) it is strongly wn 
recommended that a static/dynamic analysis be performed to check the ak ae 
stress levels in each lamina. Use of "averaged equivalent" stresses J 

using CMAP equivalent modulii are in error and local lamina stress 
allowables may be exceeded (displacements calculated in this manner, 
however, are reasonably accurate). CEL has wide experience with 
analysis, test and manufacturing techniques for woven roving 
materials and would be glad to assist you in your materials 
selection efforts if requested. 
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Attached are figures 82-143 showing the static stress state for the 

composite cradle. This output set updates that contained in the 

previous memo (CRO to J. Ries 25 Nov 86) as the present set 

incorporates zero bending stiffness connections between manifolds 
CRO'861208/02 
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Static Analysis Results for the LWHD Page 2 
Composite Cradle - Proof Load conditions 


(Case B). The prior run (Case A - Figures 1-81) contains a rigid 
connection (the barrel) between manifolds that effectively stiffened 
the front part of the cradle to bending. Case B results also 
incorporate the sliding 2nd manifold; additionally, all of the 
recoil force is on the front manifold. For Case A and B, the firing 
torque load is distributed equally between 1st and 2nd manifolds. 

As bending stiffness is less between manifolds for Case B than for 
Case A, it is expected that vertical deflections will exceed those 
of Case A and stresses will be higher in the front part of the 
cradle. A summary of results is given below for Case B: 


o Maximum in-plane lamina shear stress (SHL) for the entire cradle 
is less than 6,000 psi (layer 1 for example). Allowed stress is 
10,000 psi. Allowing for a 2X factor due to thermal expansion 
effects, moisture swelling induced stress, stress concentrations 
due to local defects and assuming a dynamic stress amplification 
factor greater than unity (or a safety factor of 2X for stress), 
SXY failure may be anticipated in layers 1, 2, 4, 5, 8, 9, 11). 
This result is similar to the Case A result. 
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Maximum interlaminar shear is less than 100 psi throughout. 
This result is similar to the Case A result. No failure is 
anticipated in this mode. 


o Maximum vertical deflection is now about 5 inches (figure 82). net 
This exceeds the Case A deflection (about 4 inches). This is a 
expected as the longitudinal bending stiffness is less for Case kw 
B than A. Deflection between manifolds is about 3.5 inches 
(UY). Results from the dynamic amplification analysis will 
determine the relative dynamic bending deflections between 
manifolds. Since the static deflection is already high, some 
stiffening members may need to be added between manifolds to 
limit relative deflection to prevent gun to rail binding. 
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o Maximum ROTZ rotation is about 3.5° (as before for Case A). 
This is due to the application of similar torque loads to each 
manifold as before. The Case A beam connection between 
manifolds (the barrel) does not have torsional stiffness. 


o Maximum fiber stress (SXL) is about 120 ksi in the region near 
the gimbal attachment zone (figure 118, 121, 139) on the cradle. 
Allowing for a 2X safety factor, the stress value exceeds the 
maximum allowed stress of 180 ksi. 
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o Epoxy stresses (SYL) are on the order of 4,000-5,000 psi 
(figures 99, 103, 106, 128, 131, 134). Allowing for a 2X safety 
factor, the stress exceeds the failure stress of 6 ksi. This is 

YS the major cause for concern in the present design as internal 
resin cracks may be formed serving as failure centers to 
redistribute loads to the already highly stressed fibers. 


o Foam core normal] (figure 142) and shear stress (figure 143) 
appear to be less than 100 psi in areas away from the gimbal 
mounting zones. A suitable core material with failure 
properties above these limits can easily be found. 


Although Cases A and B indicate failure of the existing design, this 

can be remedied by additional layers of Gr/Ep added in a different 
stacking sequence. This new sequence is shown in Figure 1A and 

should result in less vertical and rotational deflection as well as 
lowering stress values to allowable levels. The additional layers 

are on the rear part of the cradle only and can be easily included : 
in the winding sequence. x~_ 
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I am forwarding originals of all graphs so you will have the 
clearest copy. These should be stored in a cool, dark place to 
preserve them. At some later time when a final stress report is 
required, I will ask for the return of this material to prepare this 
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From C. R. Ortloff J. Ries 
| A. Amberg 
Subject ELEMENT AND NODE PRINTOUT FOR THE 14 NOV 86 B. Zierwick 

VERSION OF THE COMPOSITE CRADLE R. Kazares 
aa er . Rathe 


*one copy of printout 


and original figures 
ir aN 
ie } Ly y -/ lo 


i! Attached is the element, node, stress and strain printout for the 
Z 14 Nov 86 version of the composite cradle. The attached figures 

144-192 are consistent with the stress results reported in the 

3 8 Dec 86 memo (CRO to R. Rathe, figures 82-143). An element 

A printout (figures 179-192) is attached also to aid the location 
of the elements by nodal position. Zoomed diagrams of both 

ss) element and node numbers are included also for the 20-node solids 

and 8-node composite elements. Printout explanation is given in 

ANSYS manual V.I, II for each stif value; additional explanation 

of contour plot averaging methods is given in V. II, p. 6.0.5-6. 
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i TMAX=42500. 
2 PROJOI=.10816 
Re VM=2978. 
5 UM=16.675 
TWIST=.613 
SIGDDM=TMAX/PROJOI 
@ BQ=2.*UM-27. *SIGDDM*UM*UM/( 4. *TWIST*VM*yM) 
CQ=UM*UM 
ae B= (-BQ-SQRT(BQ*BQ-4.*CQ))/2. 
RF tS A=VM*(1.+B/UM) 
Hh AS TM=2.*UM/VM 
; UO=EXP( LOG(UM)-2.-UM/B) 
R WRITE (*,'(3X,F8.3,4X,3(F9.7,4X))’) A,B,UO,TM 
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T=0. 
TORK=0. 
U=0. 
PRINT 300,T,TORK,U 
i U=U0 
DT=.0005 
DELT=DT/2. 
R 200 VP=#A*U/(B+U) 
‘ioe BB=B+U-(VP+A) *DELT 
i CC=—( (VP+A) *U+VP*B) *DELT 
HOT DELU=(-BB+SQRT(BB*BB-4.*CC))/2. 
: DELT2=(B*LOG(1.+DELU/U)+DELU) /A 
U=U+DELU+ ( DT-DELT2 ) *A* (U+DELU) /( B+U+DELU) 

== TORK=PROJOI*A*A*B* TWIST*U/(B+U) **3. 
rN T=T+DT 
x! PRINT 300,T,TORK,U : 

300 FORMAT(3X,F5.4,4X,F7.0,4X,F7.4) 
IF(T.LT.TM) GO TO 200 
ny STOP 
END 
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